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NUMERICAL CONTROLLER HAVING
FUNCTION OF AUTOMATICALLY
SELECTING STORAGE DESTINATION OF
MACHINING PROGRAM

RELATED APPLICATIONS

The present application claims priority to Japanese Patent
Application Number 2015-129626, filed Jun. 29, 2015, the

disclosure of which 1s hereby incorporated by reference
herein 1n 1ts entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to numerical controllers and,
in particular, to a numerical controller having the function of
automatically selecting a storage destination of a machining
program 1n accordance with the contents of the machiming
program.

2. Description of the Related Art

A numerical controller for controlling a machine tool
incorporates nonvolatile memory for storing a machining
program. Moreover, external storage units such as a memory
card and a drive of a computer with which connection 1s
established by a network can also be used for storage of the
machining program.

On the other hand, the technique of collectively treating
a plurality of devices having different characteristics as one
storage unit 1s known 1n, for example, Japanese Patent
Application Laid-Open No. 2006-4011.

When control of the machine tool based on the machinming
program 1s performed by the numerical controller, 11 the
machining program is stored in the external storage unit and
control based on the machining program is performed,
reading of data 1s sometimes not completed in time 1n an
operation which 1s required to be performed at high speed
because reading and writing of data from and to the external
storage unit 1s performed at low speed. Thus, 1n order to
avoid such a situation, an operator determines whether or not
high-speed performance 1s required by checking the contents
of the machining program in advance and, if high-speed
performance 1s required, the operator sets the nonvolatile
memory as a storage location; 11 high-speed performance 1s
not required, the operator sets the external storage unit as a
storage location. However, such an operation i1s burdensome
and the operator may make mistakes by making a misjudg-
ment.

By using the above-described known technique of col-
lectively treating a plurality of devices as one storage unit,
the operator does not have to keep a storage destination of
a machining program 1n mind, but there 1s a possibility that
a machining program which 1s required to be read at high
speed 15 stored 1n a low-speed external storage unit.

In the technique disclosed 1n Japanese Patent Application
Laid-Open No. 2006-4011 mentioned above, when a plu-
rality of external storage units are collectively treated as one
storage unit, a storage-destination device 1s determined by
the characteristics of a device and the characteristics of a file
to be stored. In that case, a judgment on the application or
attribute of the file 1s made by the extension or size of the
file. However, 1n the case of a machining program, since
there 1s a need to determine whether or not high-speed
readout 1s necessary based on the contents of the machining,

10

15

20

25

30

35

40

45

50

55

60

65

2

program, the application or attribute of the file cannot be
determined by the extension or size of the file.

SUMMARY OF THE INVENTION

An object of the present mmvention 1s accordingly to
provide a numerical controller that can store a machiming
program 1n an appropriate storage destination without the
need for an operator to keep the storage destination 1n mind.

A numerical controller according to the present mnvention
1s a numerical controller that controls a tool based on a
machining program, the numerical controller including: first
and second storage units that are capable of storing the
machining program; a management information storing por-
tion that stores management information including informa-
tion on a storage destination of the machining program; a
program inputting portion that mputs the machining pro-

gram; a program analyzing portion that performs analysis as
to whether or not the machining program 1s required to be
read at high speed at the time of execution of the machining
program based on the contents of the machining program
input from the program inputting portion; and a program
managing portion that stores the machining program in any
one of the first storage unit and the second storage unit 1n
accordance with the result of analysis performed by the
program analyzing portion and updates the information on
the storage destination of the machining program, the infor-
mation stored in the management information storing por-
tion. Incidentally, the first storage unit reads the machinming
program at higher speed than the second storage unit.

The program managing portion may be configured so as
to specily a storage destination of the machining program by
referring to the management information storing portion at
the time of execution of the machining program and read the
machining program from the specified storage destination of
the machining program.

The program analyzing portion may be configured so as
to obtain the analysis result indicating that the machining
program 1s required to be read at high speed if the machinming
program 1ncludes a high-speed operation instruction.

The program analyzing portion may be configured so as
to obtain the analysis result indicating that, 1n reading of the
machining program, the machining program 1s required to
be read at hugh speed 11 the machining program i1s called as
a subprogram by another machining program which is
different from the machining program during a high-speed
operation 1n the other machining program.

The program analyzing portion may be configured so as
to obtain the analysis result indicating that, in reading of the
machining program, the machining program 1s required to
be read at high speed i1 the machining program 1s repeatedly
called by another machining program which 1s different
from the machining program.

According to the present mvention, the machiming pro-
gram 15 automatically stored in a storage unit with appro-
priate readout speed. This eliminates the need for the opera-
tor to perform switching while keeping the storage
destination of the machining program in mind and can
reduce operating errors and management cost.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects and features of the present
invention will become apparent from the following descrip-
tion of embodiments with reference to the accompanying
drawings in which:
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FIG. 1 1s a schematic block diagram of the configuration
of a numerical controller according to an embodiment of the

present mvention;

FIG. 2 1s a diagram 1illustrating an example of manage-
ment mformation which 1s stored in a management infor-
mation storing portion in the numerical controller of FIG. 1;

FIG. 3 1s a diagram illustrating an example of analysis
information which 1s stored in an analysis information
storing portion 1n the numerical controller of FIG. 1;

FIG. 4 1s a flowchart of the overall flow of program
registration processing which 1s executed on the numerical
controller of FIG. 1;

FIG. 5§ 1s a flowchart of the flow of device selection
processing which 1s executed in Step SA01 of the flowchart
of FIG. 4;

FIG. 6 1s a flowchart of the flow of program analysis
processing which 1s executed in Step SA03 of the flowchart
of FIG. 4; and

FIG. 7 1s a flowchart of the flow of file movement

processing which 1s executed in Step SA04 of the flowchart
of FIG. 4.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(L]

In the present invention, a machining program 1s analyzed
to determine whether or not the machining program includes
an instruction which performs a high-speed operation and,
based on the determination result, a determination as to
whether or not there 1s a need for high-speed readout 1s
made. Moreover, at the time of analysis of the machiming
program, the name of a subprogram which the machiming
program calls 1s extracted and, if the extracted subprogram
1s a subprogram which 1s called from a range i which a
high-speed operation 1s to be performed, a determination 1s
made that high-speed readout i1s necessary. Furthermore, i
the extracted subprogram 1s a subprogram in which repeti-
tion number 1s designated 1n a subprogram call mstruction,
a determination 1s made that high-speed readout 1s neces-
sary.

Then, a machining program which 1s required to be read
at high speed 1s stored 1n a high-speed storage unit and a
machining program which 1s not required to be read at high
speed 1s stored 1n a low-speed storage umit, and a combina-
tion of the name of the machining program and the storage
unit 1s recorded on management information. When the
machining program 1s read, the name of the machiming
program 1s retrieved from the management information and
the machining program 1s read from the storage-destination
storage unit.

Incidentally, in the present invention, the storage umit
means a medium, such as an HDD or flash ROM, which 1s
fixedly mcorporated into an apparatus, a medium which can
be relatively easily exchangeable, such as a CF card or an
SD card, a medium which can store data, such as a network
storage to which access can be made via a network, and what
can be recognized as different regions from the side of the
program even 1n the same apparatus or on the same medium
(such as regions with different partitions on a disk and
different common regions provided on the network storage).

Hereinafter, a machining program 1s referred to as a
“program”, an instruction which 1s required to be read at
high speed 1s referred to as a “high-speed operation nstruc-
tion”, a program which 1s required to be read at high speed
1s referred to as a “high-speed program™, recording infor-
mation on a program as management information 1s referred
to as “registering”’, management information on each pro-
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4

gram 1s referred to as an “entry”, a storage unit 1s referred
to as a “device”, and recording a file of a program on a
device 1s referred to as “storing’”.

The configuration of a numerical controller according to
an embodiment of the present invention will be described 1n
accordance with a schematic block diagram of FIG. 1.

A numerical controller 100 includes a program putting
portion 110, a program managing portion 120, a manage-
ment information storing portion 125, a program analyzing
portion 130, an analysis information storing portion 135,
nonvolatile memory 140, and a network controlling portion
150.

The program inputting portion 110 reads a program from
an external device (not shown) connected to a serial port or
an Ethernet (registered trademark) port or a memory card.

The nonvolatile memory 140 1s a device which 1s incor-
porated into the numerical controller and can perform high-
speed readout, and, when storing a program including a
high-speed operation instruction, can perform readout at a
speed that can respond to a program readout speed which 1s
required when the high-speed operation instruction 1s
executed.

The network controlling portion 150 performs communi-
cation with an external server 200 and treats a hard disk 210
of the server 200 as an external storage unit.

The program managing portion 120 performs reading and
writing on the device incorporated into the numerical con-
troller, such as the nonvolatile memory 140, and the external
storage umit such as the external device (not shown), the
memory card, or the hard disk 210. When registering a
program, the program managing portion 120 updates man-
agement information stored 1n the management information
storing portion 1235; when reading a program, the program
managing portion 120 specifies a storage destination of the
program by referring to the management information storing,
portion 1235 and reads the program from the specified storage
destination.

In the management imnformation storing portion 125, an
entry that holds information on each program is stored.

FIG. 2 illustrates an example of management information
which 1s stored 1in the management information storing
portion 125 1n the numerical controller of FIG. 1.

The management information which 1s stored in the
management information storing portion 125 has, as data
items, the file name of a program, a high-speed flag, a
subprogram counter, a repeated call counter, a storage-
destination device name, a subprogram list, and a repeated
call list.

The high-speed flag indicates that the program uses an
instruction which is required to be read at high speed. The
subprogram counter indicates the number of high-speed
programs which call this program as a subprogram. The
repeated call counter indicates the number of high-speed
programs which repeatedly call this program as a subpro-
gram. The storage-destination device name indicates the
device name of a device 1n which this program 1s stored. The
subprogram list 1s a list of the names of subprograms which
this program calls from a range in which the program
performs a high-speed operation. The repeated call list 1s a
list of the names of subprograms which this program repeat-
edly calls.

For example, a program “0O0002” illustrated mn FIG. 2
uses a command which 1s required to be read at high speed,
there are no high-speed programs which call this program as
a subprogram and no high-speed programs which repeatedly
call this program as a subprogram, and the program
“00002” 1s stored 1n a built-in storage unit of the numerical
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controller. Furthermore, this program “0O002” calls pro-
grams “0O8001” and “O8003” from a range in which the
program “00002” performs a high-speed operation and
repeatedly calls programs “O8005” and “O8003”.

FIG. 3 shows an example of analysis information which
1s stored in the analysis information storing portion 1335 1n
the numerical controller of FIG. 1.

In the analysis information storing portion 135, an
istruction to start an operation which i1s required to be
performed at high speed at the time of execution of a
program, an istruction to end the operation, and a function
that 1s oflered by the instructions are registered. In the
example of FIG. 3, a “GO08P1” mstruction as the high-speed
operation start instruction, a “G08P0” instruction as a high-
speed operation end instruction which ends the high-speed
operation started by the “G08P1” instruction, and an “Al
contouring control” which 1s the function name of these
istructions are stored, as one piece of analysis information
associated with one another, in the analysis nformation
storing portion 135.

The program analyzing portion 130 determines whether
or not the program 1s required to be read at high speed by
referring to the analysis information storing portion 135.
Moreover, the program analyzing portion 130 extracts a
subprogram name and makes a determination of the need for
high-speed readout of the subprogram. The details of this
program analysis processing which the program analyzing
portion 130 executes will be described later.

Hereinatter, the tlow of program registration processing,
which 1s executed on the numerical controller 100 will be
described 1n accordance with tlowcharts of FIGS. 4 to 7.

FIG. 4 1s a flowchart of the overall flow of the program
registration processing which 1s executed on the numerical
controller 100 of FIG. 1.

When a program which 1s used for operation control 1s
newly registered in the numerical controller 100, first, the
program managing portion 120 selects a device 1n which the
program 1s to be stored (Step SA01), stores a file of the
program 1n the selected device (Step SA02), analyzes the
program (Step SA03), and then moves the file of the
program (Step SA04). Incidentally, storage of the file and
analysis of the program may be executed 1n parallel at the
same time.

The tflow of device selection processing which 1s executed
in Step SA01 of the flowchart of FIG. 4 will be described 1n
accordance with the flowchart of FIG. 5.

[Step SBO01] First, based on the program name of a
program which 1s to be registered, a judgment as to whether
or not an entry of the program 1s present 1in the management
information storing portion 125 1s made. This 1s performed
because, 11 a program to be registered 1s newly registered, an
entry that manages the program 1s not present in the man-
agement mnformation storing portion 1235. Then, 11 an entry
of the program 1s present in the management information
storing portion 125, the procedure proceeds to Step SB03; 1f
an entry of the program 1s not present in the management
information storing portion 1235, the procedure proceeds to
Step SB02.

[Step SB02] The program managing portion 120 makes,
in the management information storing portion 123, an entry
of the program to be registered, and the procedure proceeds
to Step SB10.

[Step SB03] A judgment as to whether or not the device
name of the entry of the program to be registered 1s empty
1s made. If the device name 1s empty, the procedure proceeds
to Step SB08; if the device name 1s not empty, the procedure
proceeds to Step SB04.
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[Step SB04] When the device name of the entry 1s not
empty, the entry of the program to be registered has already
been present in the management information storing portion
125, which raises a problem of re-registration (change) of a
program of the same name. Therefore, a program of the
same name as the name of the program to be registered 1s
deleted from the device of the device name that 1s registered
in the entry.

[Step SB03] For each of the programs on the subprogram
list of the entry of the program to be registered, as the call
source program 1s deleted, the value of the subprogram
counter of the entry of each of the programs 1s decremented
by 1.

[Step SB06] For each of the programs on the subprogram
list of the entry of the program to be registered, as the call
source program 1s deleted, the value of the repeated call
counter of the entry of each of the programs 1s decremented
by 1.

[Step SB07] The high-speed flag of the entry of the
program to be registered 1s set to “No” and the subprogram
list and the repeated call list are emptied.

[Step SB08] A judgment as to whether or not any one of
the value of the subprogram counter and the value of the
repeated call counter 1s 1 or more than 1 in the entry of the
program to be registered 1s made. If any one of the value of
the subprogram counter and the value of the repeated call
counter 1s 1 or more than 1, the procedure proceeds to Step
SB09; if both of the value of the subprogram counter and the
value of the repeated call counter are O, the procedure
proceeds to Step SB10.

[Step SB09] high-speed device 1s selected, as high-speed
readout 1s necessary when any one of the value of the
subprogram counter and the value of the repeated call
counter 1s 1 or more than 1.

[Step SB10] A low-speed device 1s selected, as there 1s no
need for high-speed readout at the present stage, in case
where both of the value of the subprogram counter and the
value of the repeated call counter are 0 or 1n case of new
registration.

The flow of program analysis processing which 1s
executed 1 Step SA03 of the flowchart of FIG. 4 will be
described by referring to the flowchart of FIG. 6. This
processing 1s executed by the program analyzing portion
130.

[Step SCO01] The program analyzing portion 130 reads a
list of high-speed operation instructions by referring to the
analysis mformation storing portion 135.

[Step SC02] A judgment as to whether or not the high-
speed operation 1nstruction read 1 Step SCO01 1s present 1n
the program registered 1n the program registration process-
ing (heremnatfter referred to as a main program) 1s made. If
the high-speed operation mstruction read i Step SCO1 1s
present 1n the main program, the procedure proceeds to Step
SCO03; 11 the high-speed operation instruction read in Step
SCO01 1s not present in the main program, the procedure
proceeds to Step SC04.

[Step SC03] The high-speed flag of the entry of the main
program 1s set to “Yes”.

[Step SC04] The main program 1s analyzed, and the
program name of a subprogram which the main program
calls 1s extracted.

[Step SCO05] If an entry of the subprogram extracted 1n
Step SC04 15 not registered 1n the management information
storing portion 125, the entry of the subprogram 1s added.

[Step SCO06] The main program 1s analyzed and a judg-
ment as to whether or not a subprogram which 1s called
during the high-speed operation of the main program 1is
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present 1s made. I a subprogram 1s called during the
high-speed operation, the procedure proceeds to Step SCO07;
otherwise, the procedure proceeds to Step SCO09.

[Step SCO07] The subprogram on which a judgment has
been made 1 Step SCO06 that the subprogram 1s called during
the high-speed operation of the main program 1s added to the
subprogram list of the entry of the main program.

[Step SCO08] The value of the subprogram counter of the
entry of the subprogram on which a judgment has been made
in Step SCO06 that the subprogram 1s called during the
high-speed operation of the main program 1s incremented by
1.

[Step SC09] The main program i1s analyzed and a judg-
ment as to whether or not a subprogram which 1s repeatedly
called by the main program is present 1s made. If a subpro-
gram which 1s repeatedly called by the main program 1is
present, the procedure proceeds to Step SC10; otherwise,
this processing 1s ended.

[Step SC10] The subprogram on which a judgment has
been made 1 Step SCO09 that the subprogram 1s repeatedly
called by the main program 1s added to the repeated call list
of the entry of the main program.

[Step SC11] The value of the repeated call counter of the
entry of the subprogram on which a judgment has been made
in Step SCO09 that the subprogram 1s repeatedly called by the
main program 1s icremented by 1.

The flow of file movement processing which 1s executed
in Step SA04 of the tlowchart of FIG. 4 will be described by
referring to the flowchart of FIG. 7. This processing 1s
executed by the program managing portion 120.

[Step SDO01] The program managing portion 120 repeat-
edly executes processing i Steps SD02 to SD06 below for
cach entry of the management information stored in the
management mformation storing portion 125.

[Step SD02] For each entry, the high-speed flag and the
values of the subprogram counter and the repeated call
counter are referred to, and, 1f the high-speed tlag 1s Yes or
any one of the subprogram counter and the repeated call
counter 1s 1 or more than 1, a determination “this entry
should be stored in a high-speed device” 1s made and the
procedure proceeds to Step SD03; otherwise, a determina-
tion “this entry should be stored in a low-speed device” 1s
made and the procedure proceeds to Step SDOS.

[Step SDO03] For the entry, the value of the storage-
destination device 1s referred to and a judgment as to
whether or not the entry 1s stored 1n a low-speed device 1s
made. I the entry 1s stored i a low-speed device, the
procedure proceeds to Step SD04; otherwise, the procedure
proceeds to Step SDO7.

[Step SD04] The program of the entry 1s copied to a
high-speed device from the low-speed device and 1s deleted
from the low-speed device, and the storage-destination
device of the entry 1s changed to the high-speed device.

[Step SDO05] For the entry, the value of the storage-
destination device 1s referred to, and a judgment as to
whether or not the entry 1s stored 1n a high-speed device 1s
made. If the entry 1s stored in a high-speed device, the
procedure proceeds to Step SD06; otherwise, the procedure
proceeds to Step SDO7.

[Step SD06] The program of the entry 1s copied to a
low-speed device from the high-speed device and 1s deleted
from the high-speed device, and the storage-destination
device of the entry 1s changed to the low-speed device.

[Step SDO07] If there 1s a next entry, the procedure goes
back to SD02 to execute the processing for the entry and the
loop 1s repeated; 11 there 1s not a next entry, this processing
1s ended.
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Incidentally, 1n the above-described device selection pro-
cessing, 1n case where an entry of a program to be registered
1s already present 1n the management information storing
portion 125 and the storage-destination device of the entry
1s empty (in other words, 1n case where the result of
judgment of the processing 1n Step SB03 of the flowchart of
FIG. 5 1s Yes), an entry has been made as a subprogram at
the time of registration of the other program. In such a case,
since file deletion processing 1s not necessary, the procedure
proceeds to Step SB08 and selection of a device 1s per-
formed. Processing which i1s performed after device selec-
tion 1s the same as the processing which 1s performed when
a program 1s newly registered.

By the above processing, after an entry of each program
1s made, a storage destination of each program i1s deter-
mined. When the numerical controller performs operation
control of a machine tool based on the program stored in this
manner, the program managing portion 120 refers to the
device name registered in the storage-destination device
from the entry of a program to be read by referring to the
management information storing portion 125, reads a file of
the program from the storage unit of the device name, and
executes operation control of the tool based on the read
program.

While the embodiment of the present invention has been
described above, the present invention 1s not limited to the
example of the embodiment described above and may be
carried out 1n various modes by making appropriate changes
thereto.

For example, the data items of the management informa-
tion and the analysis information described in the above
embodiment are mere examples for carrying out the present
invention, and other appropriate data items may be provided
as needed.

Moreover, as for an instruction which requires a high-
speed operation, the instruction described as the analysis
information mentioned above, the instruction illustrated 1n
FIG. 2 1s a mere example; all the instructions which are
required to be read at high speed (an instruction or an
instruction group which 1s not completed 1n time 1n reading
a program at the time of execution at the readout speed of the
external storage unit) may be treated as high-speed operation
instructions. Furthermore, 1n the embodiment described
above, the analysis mnformation regarding the high-speed
operation instruction 1s stored in the analysis information
storing portion 135 and a judgment as to whether or not a
program 1s required to be read at high speed 1s made based
on the analysis information. Instead, for example, a speed
which 1s required for processing of each instruction of a
program may be calculated by using a simulation or the like,
and, by determining the necessary program readout speed
based on the calculation result, a judgment as to whether or
not the program 1s required to be read at high speed may be
made.

The mnvention claimed 1s:

1. A numerical controller for controlling a machine tool
based on a plurality of machining programs, the numerical
controller comprising:

first and second storage units that store the plurality of
machining programs;

a management 1nformation storing portion that stores
management information including information on a
storage destination of each of the plurality of machin-
Ing programs;

a program inputting portion that reads the plurality of
machining programs;
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a program analyzing portion that performs analysis of
contents of each machining program among the plu-
rality of machining programs input from the program
inputting portion, to determine whether or not the each
machining program 1s required to be read at high speed
at a time of execution of the each machining program;
and

a program managing portion that stores the each machin-
ing program in any one of the first storage unit and the
second storage unit 1n accordance with a result of the
analysis performed by the program analyzing portion,
and updates the information on the storage destination
of the each machining program, the information stored
in the management information storing portion,
wherein

the first storage unit has a higher reading speed than the
second storage unit,

the management information includes, for each machin-
ing program among the plurality of machining pro-

grams,

a high-speed flag indicating whether said each machin-
ing program includes a high-speed operation instruc-
tion,

a subprogram counter indicating a number of other
machining programs, among the plurality of machin-
ing programs, which call said each machining pro-
gram as a subprogram during a high-speed operation
in the other machining programs, and

a repeated call counter indicating a number of further
machining programs, among the plurality of machin-
ing programs, which repeatedly call said each
machining program as a subprogram.

2. The numerical controller according to claim 1, wherein

the program managing portion 1s configured so as to
specily the storage destination of each machining pro-
gram among the plurality of machining programs by
referring to the management mformation storing por-
tion at the time of execution of the each machining
program and read the each machining program from the
specified storage destination of the each machining
program.

3. The numerical controller according to claim 1, wherein

cach machining program among the plurality of machin-
ing programs 1s required to be read at high speed 1n
response to the high-speed flag of said each machinming
program indicating that said each machining program
includes a high-speed operation nstruction.
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4. The numerical controller according to claim 1, wherein

cach machining program among the plurality of machin-
ing programs 1s required to be read at high speed 1n
response to the subprogram counter of said each
machining program being greater than zero.

5. The numerical controller according to claim 1, wherein

cach machining program among the plurality of machin-
ing programs 1s required to be read at high speed 1n
response to the repeated call counter of said each
machining program being greater than zero.

6. The numerical controller according to claim 1, wherein

the program analyzing portion i1s configured to

based on the analysis of the contents of each machining
program among the plurality of machining programs,
update at least one of the following 1n the management
information
the high-speed flag of said each machining program,
the subprogram counter of another machining program,
among the plurality of machining programs, which 1s
called by said each machining program during a
high-speed operation of said each machining pro-
gram, Or
the repeated call counter of a further machining pro-
gram, among the plurality of machining programs,
which 1s repeatedly called by said each machining
program.
7. The numerical controller according to claim 6, wherein
the program managing portion 1s configured to determine
the storage destination of each machining program
among the plurality of machining programs, based on
the management information updated by the program
analyzing portion that has analyzed the contents of the
plurality of machining programs.
8. The numerical controller accordmg to claim 1, wherein
the program managing portion 1s configured to determme
the storage destination of each machiming program
among the plurality of machining programs to be the
first storage unit, 1n response to any one of
the high-speed flag of said each machining program
indicates that said each machiming program includes
a high-speed operation instruction,
the subprogram counter of said each machining pro-
gram 1s 1 or greater, and
the repeated call counter of said each machining pro-
gram 1S 1 or greater.
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